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(57) The present invention includes a method and 
apparatus for high sensitivity whole body scanning us- 
ing MR imaging (10). The invention includes acquiring 
MR data (206) as the patient (100) moves through the 
iso-center (11 0) of the magnet (1 06) while providing in- 
teractive control (210) for the operator to change scan 
parameters and table motion and direction (212). The 
technique allows efficient whole body scanning for fast 
screening (208,21 6) of abnormalities while allowing op- 
erator control during the screening process to interrupt 
table motion and redirect the speed and direction of the 
table while also allowing control over the acquisition 
plane, number of sections imaged, inter-section spac- 
ing, and the scan location. 
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Description 

[0001] The present invention relates generally to 
magnetic resonance imaging (MRI), and more particu- 
larly to, a method and apparatus for rapid whole body 
scanning with continuous table motion and image ac- 
quisition. 

[0002] When a substance such as human tissue is 
subjected to a uniform magnetic field (polarizing field 
B 0 ), the individual magnetic moments of the spins in the 
tissue attempt to align with this polarizing field, but 
precess about it in random order at their characteristic 
Larmor frequency. If the substance, or tissue, is subject- 
ed to a magnetic field (excitation field B^) which is in the 
x-y plane and which is near the Larmor frequency, the 
net aligned moment, or "longitudinal magnetization", 
M z , may be rotated, or "tipped", into the x-y plane to pro- 
duce a net transverse magnetic moment M t . A signal is 
emitted by the excited spins after the excitation signal 
B 1 is terminated and this signal may be received and 
processed to form an image. 

[0003] When utilizing these signals to produce imag- 
es, magnetic field gradients (G x Gy and G z ) are em- 
ployed. Typically, the region to be imaged is scanned by 
a sequence of measurement cycles in which these gra- 
dients vary according to the particular localization meth- 
od being used. The resulting set of received NMR sig- 
nals are digitized and processed to reconstruct the im- 
age using one of many well known reconstruction tech- 
niques. 

[0004] Conventional techniques for whole body imag- 
ing or screening using magnetic resonance imaging typ- 
ically requires multiple positioning and repositioning of 
the patient to image over a sufficiently large field-of-view 
(FOV). As a result, whole body screening examinations 
are often partitioned into two or more separate exami- 
nations. In many instances, a patient must return at a 
later date to complete the examination due to contrast 
agent uptake and passth rough. 

[0005] Other so-called moving table techniques in- 
clude stepping the table through increments and obtain- 
ing data at each increment. These techniques do not 
acquire data while the table is moving, but only between 
each of the stepped increments. These techniques are 
not time-efficient and since the increments must be pre- 
defined and the acquisitions times accordingly, there is 
no ability to provide interactive control and the results 
are prone to gradient warping. Further, attempts at im- 
aging while the table is moving are also prone to gradi- 
ent warping distortion and require some form of image 
correction. Such techniques may also require phase en- 
coding in the direction of table motion and require pre- 
defined knowledge of table speed and/or acceleration/ 
deceleration and are therefore not susceptible to inter- 
active control during image acquisition. 
[0006] It would therefore be advantageous to design 
a method and apparatus incorporating a fast technique 
that is sensitive to abnormalities and allows the physi- 



cian to quickly survey the entire body to locate regions 
of abnormalities, such as signal enhancement that is in- 
dicative of tumors, with a continuous moving table and 
with the ability to change the acquisition plane, the pulse 
5 sequence, table speed and/or the direction of table mo- 
tion to thereby focus in and better characterize the ab- 
normality. 

[0007] The present invention solves the aforemen- 
tioned problems by providing a method and apparatus 
10 for MR image acquisition that allows continuous scan- 
ning while the patient table is in translation and provides 
interactive control of scan parameters, table motion and/ 
or table direction. 

[0008] The proposed method allows fast imaging of 
15 the whole body for efficient screening for the presence 
of abnormalities, such as tumors or cancer, in a rapid 
interactive manner with high sensitivity. The regions 
identified in the initial screening examination can be fur- 
ther studied in greater detail to identify tumor character- 
20 istics and provide the necessary high specificity needed 
in such exams. The proposed technique involves con- 
tinuously scanning during table translation and does not 
rely on generating a large FOV composite image. The 
interactive control scheme makes efficient use of imag- 
es ing time by tailoring the acquisition plane and spatial 
coverage to each anatomical region. 
[0009] Since the present invention is not limited to 
generating a single large FOV composite image, it does 
not need to employ a Fourier transform in a direction of 
30 motion. The present technique can therefore incorpo- 
rate interactive control to make efficient use of the im- 
aging time by tailoring the acquisition plane and spatial 
coverage to each anatomical region. Scanning param- 
eters can be changed to allow interactive high resolu- 
35 tion/tumor specific characterization or inspection of the 
suspect regions. The present technique allows for con- 
tinuous variation of imaging parameters such as trans- 
mitter and receiver gains and localized shim settings. 
Since each data acquisition is reconstructed to an indi- 
go vidual image, phase variations and gradient non-linear- 
ity considerations that are encountered in generating 
large FOV images are of no consequence in the present 
invention. 

[0010] In a preferred embodiment, since the table is 
45 in continuous translation specific anatomical regions will 
only be imaged while moving through the magnet iso- 
center where the magnetic field homogeneity is most 
optimal to provide improved signal-to-noise ratio and 
gradient field linearity. As a result of implementing con- 
50 tinuous moving table imaging with interactive control, 
multiple views of the same anatomical region can be ob- 
tained to not only decrease the chances of false posi- 
tives, but also increase the sensitivity for adequate de- 
tection. That is, the proposed technique calls for an in- 
55 teractive scan that allows an operator to enter an initial 
number of multi-planar sections with an initial inter-sec- 
tion spacing, and as the patient traverses through the 
iso-center of the magnet the operator is allowed to ad- 
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just the number of sections imaged, the section spacing, 
the section scan locations, as well as the acquisition 
plane. Positions where abnormalities such as lesions 
are identified, are noted or bookmarked for a more de- 
tailed study that can take place immediately, because 
of interactive table motion and direction control, or can 
be done after the whole body screen is completed. 
[0011] A method of acquiring MR images is disclosed 
which includes positioning a subject on a movable table, 
entering initial table motion control data and scan pa- 
rameters, and automatically moving the movable table, 
based on the initial table motion control data entered, 
and acquiring MR data based on the scan parameters 
entered while the movable table is in motion. The meth- 
od also includes allowing entry and modification of either 
or both the table motion control data and the scan pa- 
rameters while automatically moving the table and ac- 
quiring MR data. 

[0012] An MRI apparatus is disclosed to provide high- 
ly sensitive whole body screening that includes an MR 
imaging system having a plurality of gradient coils posi- 
tioned about a bore of a magnet to impress a polarizing 
magnetic field. An RF transceiver system and an RF 
switch is controlled by a pulse module to transmit and 
receive RF signals to and from an RF coil assembly to 
acquire MR images. The MRI apparatus also includes 
a patient table movable under computer control within 
the bore of the magnet and a computer programmed to 
receive initial scan parameters and table translation pa- 
rameters, translate the table, and acquire MR data while 
the table translates. The computer is also programmed 
to allow reception of user input during patient table 
translation and modify translation in response thereto. 
Additionally, the computer can receive user input of scan 
parameters and modify the MR data acquisition in re- 
sponse to the modification. 

[0013] The technique of the present invention is also 
disclosed with respect to a computer program stored on 
a computer readable storage medium which, when ex- 
ecuted by a computer, causes the computer to move a 
patient table through an M R scanner and simultaneous- 
ly acquire MR data while the patienttable is moving. The 
computer program also has instructions that can cause 
the computer to allow and receive user input and in re- 
sponse thereto, manipulate patient table speed, patient 
table direction, or various scan parameters in real-time, 
defined herein as either real-time or near real-time, as 
those skilled in the art will readily recognize. 
[0014] In accordance with another aspect of the 
present invention, a method of identifying a tumor in a 
patient is disclosed. The method includes placing the 
patient on a movable table, translating the movable ta- 
ble and acquiring MR data as the patient moves through 
a magnetic field. This method also includes reconstruct- 
ing MR images of patient anatomy as the movable table 
is translating and analyzing the MR images. If an area 
of interest is identified for further study, the process in- 
cludes returning the movable table such that the area of 



interest is within the magnetic field and modifying MR 
data acquisition parameters in real-time. Images can 
then be acquired that are either of higher resolution or 
in a different plane to allow further analysis and charac- 
5 terization of the tumor. 

[0015] Various other features, objects and advantag- 
es of the present invention will be made apparent from 
the following detailed description and the drawings. 
[0016] The drawings illustrate one preferred embodi- 
ment presently contemplated for carrying out the inven- 
tion. 

In the drawings: 

[0017] Fig. 1 is a schematic block diagram of an MR 
imaging system for use with the present invention. 
[0018] Fig. 2 is an enlarged top planar view of the pa- 
tient table of Fig. 1 with depiction of a patient thereon 
and being movable under computer control in accord- 
ance with the present invention. 

[0019] Fig. 3 is a flow chart of a technique of the 
present invention for use with the apparatus of Figs. 1 
and 2. 

[0020] Referring to Fig. 1 , the major components of a 
preferred magnetic resonance imaging (MRI) system 1 0 
incorporating the present invention are shown. The op- 
eration of the system is controlled from an operator con- 
sole 1 2 which includes a keyboard or other input device 
1 3, a control panel 14, and a display screen 1 6. The con- 
sole 1 2 communicates through a link 1 8 with a separate 
computer system 20 that enables an operator to control 
the production and display of images on the display 
screen 1 6. The computer system 20 includes a number 
of modules which communicate with each other through 
a backplane 20a. These include an image processor 
module 22, a CPU module 24 and a memory module 
26, known in the art as a frame buffer for storing image 
data arrays. The computer system 20 is linked to disk 
storage 28 and tape drive 30 for storage of image data 
and programs, and communicates with a separate sys- 
tem control 32 through a high speed serial link 34. The 
input device 1 3 can include a mouse, joystick, keyboard, 
trackball, touch activated screen, light wand, voice con- 
trol, or any similar or equivalent input device, and may 
be used for interactive geometry prescription and pa- 
tient table speed and direction control. 
[0021] The system control 32 includes a set of mod- 
ules connected together by a backplane 32a. These in- 
clude a CPU module 36 and a pulse generator module 
38 which connects to the operator console 12 through 
a serial link 40. It is through link 40 that the system con- 
trol 32 receives commands from the operator to indicate 
the scan sequence that is to be performed. The pulse 
generator module 38 operates the system components 
to carry out the desired scan sequence and produces 
data which indicates the timing, strength and shape of 
the RF pulses produced, and the timing and length of 
the data acquisition window. The pulse generator mod- 
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ule 38 connects to a set of gradient amplifiers 42, to in- 
dicate the timing and shape of the gradient pulses that 
are produced during the scan. The pulse generator 
module 38 can also receive patient data from a physio- 
logical acquisition controller 44 that receives signals 
from a number of different sensors connected to the pa- 
tient, such as ECG signals from electrodes attached to 
the patient. And finally, the pulse generator module 38 
connects to a scan room interface circuit 46 which re- 
ceives signals from various sensors associated with the 
condition of the patient and the magnet system. It is also 
through the scan room interface circuit 46 that a patient 
positioning system 48 receives commands to move the 
patient to the desired position for the scan. 
[0022] The gradient waveforms produced by the 
pulse generator module 38 are applied to the gradient 
amplifier system 42 having G x , G y , and G z amplifiers. 
Each gradient amplifier excites a corresponding physi- 
cal gradient coil in a gradient coil assembly generally 
designated 50 to produce the magnetic field gradients 
used for spatially encoding acquired signals. The gradi- 
ent coil assembly 50 forms part of a magnet assembly 
52 which includes a polarizing magnet 54 and a whole- 
body RF coil 56. A transceiver module 58 in the system 
control 32 produces pulses which are amplified by an 
RF amplifier 60 and coupled to the RF coil 56 by a trans- 
mit/receive switch 62. The resulting signals emitted by 
the excited nuclei in the patient may be sensed by the 
same RF coil 56 and coupled through the transmit/re- 
ceive switch 62 to a preamplifier 64. The amplified MR 
signals are demodulated, filtered, and digitized in the 
receiver section of the transceiver 58. The transmit/re- 
ceive switch 62 is controlled by a signal from the pulse 
generator module 38 to electrically connect the RF am- 
plifier 60 to the coil 56 during the transmit mode and to 
connect the preamplifier 64 to the coil 56 during the re- 
ceive mode. The transmit/receive switch 62 can also en- 
able a separate RF coil (for example, a surface coil) to 
be used in either the transmit or receive mode. 
[0023] The MR signals picked up by the RF coil 56 
are digitized by the transceiver module 58 and trans- 
ferred to a memory module 66 in the system control 32. 
A scan is complete when an array of raw k-space data 
has been acquired in the memory module 66. This raw 
k-space data is rearranged into separate k-space data 
arrays for each image to be reconstructed, and each of 
these is input to an array processor 68 which operates 
to Fourier transform the data into an array of image data. 
This image data is conveyed through the serial link 34 
to the computer system 20 where it is stored in memory, 
such as disk storage 28. In response to commands re- 
ceived from the operator console 12, this image data 
may be archived in long term storage, such as on the 
tape drive 30, or it may be further processed by the im- 
age processor 22 and conveyed to the operator console 
12 and presented on the display 16. 
[0024] The present invention includes a method and 
system for acquiring MR image data for use with the 



above-reference MRI system, or any similar equivalent 
system for obtaining MR images. 
[0025] Referring to Fig. 2, a patient 1 00 is shown sup- 
ported on a computer controlled, movable table 102 

5 which is controlled by CPU 36 of system control 32 of 
Fig. 1. The movable table 102 may be moved or trans- 
lated fore and aft as indicated by arrow 1 04 through the 
bore of magnet 1 06 in the MRI apparatus 1 0. Thus, pa- 
tient 100 may be selectively positioned within the bore 

10 of main magnet 1 06 and the motion of the table is under 
computer control along axis 104. Additionally, the sys- 
tem can be designed to allow movement of table 102 
laterally as indicated by arrows 108. 
[0026] The present invention is particularly sensitive 

15 to locating tumors or tumor markers and allows a phy- 
sician or clinician to quickly survey the entire body to 
locate regions of signal enhancement that is indicative 
of tumors, and allow modifying the acquisition plane and 
pulse sequence to characterize the tumor or lesion. 

20 Such evaluation of abnormal regions, such as tumors 
and lesions, requires both the detection of the abnor- 
mality and the proper delineation of its anatomic extent 
(i.e. staging). Although this can be achieved using the 
inherent MR properties of tissue, such as T 1 or T 2 

25 weighting, it is often desirable to use contrast agents to 
provide sufficient contrast-to-noise ratio for confident di- 
agnostic evaluation of abnormal tissue. It is generally 
known that such contrast media provides improved con- 
trast through vascularity differences between abnormal 

30 and normal regions. When surveying a patient for pos- 
sible tumors, it is desirable to acquire MR image data of 
the entire length of the patient. Such whole body imag- 
ing is typically conducted by moving a region of interest 
to the magnet iso-center 110, bringing the table to a 

35 stop, and then acquiring MR data. After acquiring an en- 
tire set of data for that anatomical section of the patient, 
the patient would be translated to a second position, 
stopped, and data again would be acquired. A certain 
amount of overlap between the scan stations is typically 

40 desired to enable effective registration of images from 
one scan station to the next to form a single image cov- 
ering the entire extent of the imaging region for all sta- 
tions. In the example of Fig. 2, the pulmonary system 
1 1 2 of patient 1 00 is in the iso-center 1 1 0 of magnet 1 06. 

45 Monitors 114, 116, and 1 1 8 can be placed in close prox- 
imity to vessel 120 to monitor the travel of a contrast 
agent through patient 100, if desired. However, the 
present invention is not limited to the use of bolus de- 
tection and does not require contrast agent, although 

50 utilizing contrast enhancement is a current preferred 
embodiment of one aspect of the present invention. 
[0027] Further, it is preferred that all imaging be per- 
formed at the magnet iso-center while the table 102 is 
translated to allow imaging in the optimal or "sweet spot" 

55 of the magnet to reduce image artifacts. The technique 
of the present invention includes continuously scanning 
while the table is in translation and can perform multi- 
planar fast imaging. 
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[0028] Referring to Fig. 3, an exemplary flow chart de- 
picts a method according to the present invention that 
can be implemented in a computer program for use with 
the M R apparatus shown in Figs. 1 and 2. After acquiring 
patient data and initializing the MR apparatus 200, the 
patient is positioned on the movable table 202. Initial 
scan parameters and table motion parameters are then 
defined at 204. Initially, the multi-planar fast imaging se- 
quence includes an operator determined plane through 
an anatomic region of interest. Under computer control, 
the table is then moved and MR data is acquired at 206. 
The images are immediately reconstructed at 208 for 
evaluation to enable interactive control. That is, after ac- 
quiring images using the operator determined plane, a 
predefined number of multi-planar sections, and initial 
inter-section spacing, the operator is able to adjust the 
number of sections imaged, the section spacing, the 
section scan locations, as well as the acquisition plane 
in virtual real-time. The operator is given the opportunity 
to enter new scan parameters and/or table motion pa- 
rameters at 210. Table motion parameters can be en- 
tered via any convenient input device, such as a joy 
stick, mouse, trackball, etc. as described with reference 
to input device 13, Fig. 1 . 

[0029] If the operator chooses to continue to scan 
210, 212, the table will continue to move, preferably at 
a constant speed, while MR data is acquired and as the 
patient traverses through the iso-center of the magnet. 
Positions at which abnormalities are identified are noted 
or bookmarked for a more detailed study either at that 
moment or after the whole body screen is completed. If 
the operator elects to perform the detailed study imme- 
diately, new scan data and/or table motion parameters 
can be entered at 21 0 to modify the pulse sequence and/ 
or table movement 212. In this manner, since the table 
translation is under operator control via the input device 
13, Fig. 1, the operator is given sufficient degrees of 
freedom to control the speed and direction of table mo- 
tion. The operator can then tailor scanning for areas of 
contrast enhanced tumors by having control over the ac- 
quisition plane, number of sections image, inter-section 
spacing, and the scan location. This technique allows 
the operator to tailor scanning, while accounting for in- 
dividual patient variations and specific disease charac- 
teristics. After acquiring data in the area of abnormality 
21 4 and reconstructing images for analysis 21 6, the op- 
erator is given the ability to modify the scan parameters 
and/or the table motion again 218, 220. Once sufficient 
images have been acquired 21 8, 222, the operator can 
then decide whether to finish the whole body scan 224, 
226, in which case the scan and table parameters are 
reset 230 and whole body scanning can resume at 206, 
or the operator can elect to conclude the examination 
224, 228 and end the study 232. 
[0030] When the specific areas of abnormality, such 
as tumor enhancement, have been identified, the oper- 
ator can return the table to specific locations and acquire 
high spatial resolution functional images to characterize 



the type of abnormality using known methods such as 
contrast material uptake, with a corresponding further 
administration of contrast agent or tumor specific mark- 
ers, diffusion, multi-parametric imaging, or any other 
5 characterization method. 

[0031] Accordingly, the present invention allows fast 
screening of the entire body for the presence of abnor- 
malities such as tumors or cancer in a rapid interactive 
manner with high sensitivity. In order to provide the cor- 
10 responding high specificity information, regions identi- 
fied in the screening examination can be studied in 
greater detail to provide abnormality characteristics. 
[0032] The proposed technique does not rely on 
methods of generating large FOV composite images 
15 and therefore can tailor the acquisition plane in spatial 
coverage for each anatomical region. Such an interac- 
tive system makes efficient use of imaging time by pro- 
viding a system that allows efficient screening while al- 
lowing the operator to hone into a specific region of in- 
20 terest in real-time. In other words, the operator is given 
the ability to interrupt a whole body scan when an ab- 
normality is indicated and reverse table motion to ac- 
quire high resolution images of the abnormality imme- 
diately. Alternatively, or in addition, the operator also has 
25 the option of acquiring images in a different plane with 
or without higher resolution or with different section 
spacing or even with a different pulse sequence. The 
combination of options is limitless and the present in- 
vention is not limited to any particular set of scan pa- 
30 rameters. The present invention is particularly advanta- 
geous when a contrast agent is used in conjunction with 
bolus detection so that the anatomical region can be an- 
alyzed when the contrast agent uptake is at a high level. 
Further, unlike composite image techniques, the inter- 
ns active continuous table motion technique of the present 
invention allows for continuous variation of imaging pa- 
rameters such as transmitter and receiver gains and lo- 
calized shim settings. Since each set of data is recon- 
structed as its own image, phase variations and gradient 
40 non-linearity considerations that are encountered in 
generating large FOV images become irrelevant. 
[0033] With continuous moving table imaging, togeth- 
er with real-time table motion control, multiple views of 
the same anatomical region can be obtained and any 
45 specific anatomical region of the body will always move 
through the magnet iso-center where the magnetic field 
homogeneity is the most optimal. The ability to acquire 
multiple views of the same anatomical region decreases 
the chances of a possible false positive and also in- 
50 creases the sensitivity for detection of abnormalities. 
[0034] Exemplary studies were conducted on a GE 
Medical Systems 1 .5 Tessla CV/i MR scanner with high 
performance gradients. Patients were scanned with 
pulse sequences that continuously acquired and recon- 
55 structed data in real-time while the patient was in con- 
tinuous translation. Multiple 2D sections were continu- 
ously acquired while table speed was controlled be- 
tween 0.5 and 1 0 cm/sec. However, the preferred speed 
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of translation was found to be 0.5 cm/sec for optimal 
spatial coverage and image acquisition time. While it is 
believed that the present technique will render itself use- 
ful with many pulse sequence types, including 3D imag- 
ing, initial investigation found satisfactory results with 
both an inversion recovery fast gradient echo (IR-prep) 
and a fast imaging employing steady-state acquisition 
(FIESTA) acquisition. In the IR-prep sequence, Tl times 
of between 400-600 msec, were used with a TR time of 
6.3 msec, a TE time of 2.1 msec, and a flip angle of 
30°. Other scan parameters that provided satisfactory 
results included an FOV of 36-42 cm, sections of 7-10 
mm, a matrix of 256 x 160 with 0.5 NEX and a receiver 
bandwidth of plus/minus 31 .25 kHz. In all cases, fat sup- 
pression is a user selectable option. With fat suppres- 
sion enabled, a spectrally selective inversion pulse was 
used with a Tl of 20msec. For the FIESTA sequences, 
scan parameters were similar but with a TR/TE/flip = 3.7 
msec/1 .5 msec/45°, along with a 1.0 NEX and plus/ 
minus 125 kHz receiver bandwidth. An intermittent fat 
suppression RF pulse was applied every 40 RF excita- 
tions for fat suppression. 

[0035] Imaging data was acquired continuously with 
the table moving at 0.5 cm/sec from the neck to the lower 
leg using IR-prep sequences and FIESTA before and 
after intravenous contrast in several subjects. Axial 
scans required a mean of 3.2 minutes to cover the re- 
quired anatomy whereas coronal acquisitions required 
a mean of only 1 .5 minutes. Axial scans were nonover- 
lapping and demonstrated occasional slice heterogene- 
ity but were remarkably free of motion artifacts. Coronal 
scans were considerably overlapped allowing multiple 
views of the same region of interest. Additional intrave- 
nous contrast improved overall signal and intensity. This 
technique provides screening images with rapid multi- 
planar coverage of the whole body and continuous 
scanning of the iso-center of the magnet provides min- 
imal motion artifacts. 

[0036] Accordingly, the present invention includes a 
method of MR image acquisition that includes position- 
ing a subject on a movable table, entering table motion 
control data and scan parameters, and automatically 
moving the movable table based on the table motion 
control data entered. The method also includes acquir- 
ing MR data based on the scan parameters entered 
while the movable table is in motion and allowing entry 
and modification of either or both the table motion con- 
trol data and the scan parameters while automatically 
moving the table and acquiring MR data. 
[0037] The invention also includes an MRI apparatus 
for whole body screening that includes an MRI system 
having a number of gradient coils positioned about a 
bore of a magnet to impress a polarizing magnetic field 
and an RF transceiver system and an RF modulator 
controlled by a pulse control module to transmit RF sig- 
nals to an RF coil assembly to acquire MR images. The 
MRI apparatus also includes a table movable under 
computer control within the bore of the magnet and a 



computer programmed to receive initial scan parame- 
ters and table translation parameters and translate the 
patient table and acquire MR data while the patienttable 
translates. The computer is also programmed to allow 

5 reception of user input during patient table translation 
and modify translation in response thereto and allow re- 
ception of user input of scan parameters and modify MR 
data acquisition in response thereto. 
[0038] The invention also includes a computer pro- 

10 gram stored on a computer readable storage medium 
that can cause the computer to move a patient table 
through an MR scanner and simultaneously acquire MR 
data while the patient table is moving and allow user in- 
put and in response thereto, manipulate at least one of 

15 the patient table speed, direction, and scan parameters 
in real-time. 

[0039] The invention also includes a clinical process 
of identifying a tumor in a patient that includes placing 
the patient on a movable table, translating the movable 

20 table and acquiring MR data as a patient moves through 
a magnetic field. The process further includes recon- 
structing MR images of patient anatomy as the movable 
table is translating and analyzing the MR images. If an 
area of interest is identified for further study, returning 

25 the movable table such that the area of interest is in with- 
in the magnetic field and modifying the MR data acqui- 
sition parameters in real-time to acquire MR data with 
either a higher resolution or of a differing plane to further 
analyze the area of interest. 

30 [0040] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

1 . A method of MR image acquisition comprising: 

35 positioning a subject on a movable table (202); 

entering initial table motion control data and 
scan parameters (204); 

automatically moving the movable table based 
on the table motion control data entered (206); 
40 acquiring MR data based on the scan parame- 

ters entered while the movable table is in mo- 
tion (206); and 

allowing modification of at least one of the initial 
table motion control data and the scan param- 
45 eters (210) while automatically moving the ta- 

ble and acquiring MR data (206). 

2. The method of clause 1 further comprising pro- 
viding interactive control (210) of table motion and 

50 scan parameters that include control over and ad- 
justment of at least one of: speed of the movable 
table, direction of table motion, and pulse sequence 
for MR data acquisition. 

55 3. The method of clause 1 wherein the step of ac- 
quiring M R data (206) includes ability to continuous- 
ly scan while the movable table is in translation us- 
ing a multi-planar fast imaging pulse sequence. 
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4. The method of clause 3 further comprising the 
step of initially selecting a desired plane for MR data 
acquisition through an anatomic region of interest 
(204), and as the subject (100) traverses through a 
magnet iso-center (110), allowing operator adjust- 5 
ment (21 2) of at least one of a number of sections 
imaged, section spacing, section scan locations, 
and imaging plane. 

5. The method of clause 1 further comprising pro- 10 
viding an ability to interrupt scanning (210) after 
identifying an abnormality of interest, reversing the 
movable table (1 02) and acquiring high spatial res- 
olution image data. 

15 

6. The method of clause 5 wherein the abnormality 
of interest is a tumor and further comprises the 
steps of acquiring functional images and character- 
izing the tumor using one of contrast media uptake, 
diffusion, and multi-parametric imaging. 20 

7. The method of clause 1 further comprising tailor- 
ing acquisition plane and spatial coverage to each 
anatomical region desired during MR image acqui- 
sition in real-time. 25 

8. The method of clause 1 further comprising allow- 
ing continuous variation of imaging parameters in- 
cluding transmitter/receive gains and localized 
shimming. 30 

9. The method of clause 1 further comprising ob- 
taining multiple images of a same anatomical region 
to decrease false positive possibilities. 

35 

10. An MRI apparatus with sensitive whole body 
screening ability comprising: 

a magnetic resonance imaging (MRI) system 
(1 0) having a plurality of gradient coils (50) po- 40 
sitioned about a bore of a magnet (54) to im- 
press a polarizing magnetic field (56) and an 
RF transceiver system (32) and an RF switch 
controlled by a pulse module (38) to transmit 
RF signals to an RF coil assembly to acquire 45 
MR images; 

a table movable under computer control (102) 
within the bore of the magnet (54); 
a computer programmed to: 

50 

receive initial scan parameters and table 
translation parameters (204); 
translate the table (206); 
acquire MR data while the table translates 
(206); 55 
allow reception of user input during table 
translation and if so received, modify trans- 
lation in response thereto (210); and 



allow reception of user input of scan pa- 
rameters and if so received, modify MR da- 
ta acquisition in response thereto (210). 

11. The MRI apparatus of clause 10 wherein MR 
data is acquired continuously during table transla- 
tion. 

12. The MRI apparatus of clause 10 wherein table 
translation is approximately 0.5 cm/sec. and scan 
times are approximately one second to thereby re- 
duce motion artifacts. 

13. The MRI apparatus of clause 10 wherein the 
computer (32) is further programmed to allow user- 
selectable fat suppression and when selected, ap- 
ply an intermittent fat suppression RF pulse (38). 

14. The MRI apparatus of clause 10 wherein the 
computer (32) is further programmed to monitor 
flow of an intravenous contrast agent. 

15. The MRI apparatus of clause 10 wherein the 
computer (32) is further programmed to acquire da- 
ta of a region of abnormality in multiple planes in 
real-time. 

16. The MRI apparatus of clause 10 wherein the 
computer (32) is further programmed to allow ma- 
nipulation of at least one of image obliquity, table 
speed, table direction, and pulse sequence param- 
eters such as inversion time, flip angle, and se- 
quence type in real-time (212). 

17. The MRI apparatus of clause 10 wherein the 
computer (32) is further programmed to acquire 
functional images (22) and allow characterization of 
lesions in real-time. 

18. The MRI apparatus of clause 10 wherein the 
computer (32) is further programmed to vary trans- 
mittergain, receiver gain, and shimming on demand 
by a user. 

19. A computer readable storage medium (28, 30) 
having stored thereon a computer program com- 
prising instructions which, when executed by a 
computer, cause the computer to: 

move a patient table (102) through an MR scan- 
ner (10) and simultaneously acquire MR data 
(44); and 

allow user input (40) and in response thereto, 
manipulate at least one of patient table speed, 
direction, and scan parameters (210). 

20. The computer readable storage medium of 
clause 19 wherein the computer (32) is further 
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caused to acquire data of an abnormality in various 
planes and reconstruct functional images to char- 
acterize the abnormality in real time. 

21. The computer readable storage medium of 5 
clause 19 wherein the computer (32) is further 
caused to allow manipulation of at least one image 
obliquity, table speed, table direction, and pulse se- 
quence parameters, such as inversion time, flip an- 
gel, and sequence type (21 0) and wherein the com- 10 
puter is further caused to vary transmitter gain, re- 
ceiver gain, and shimming on demand by a user 
(40). 

22. The computer readable storage medium of 15 
clause 19 wherein the computer (32) is further 
caused to allow user-selectable fat suppression 
and when selected, apply an intermittent fat sup- 
pression RF pulse (38). 

20 

23. A method of identifying a tumor in a patient com- 
prising: 

placing a patient (100) on a movable table 
(102); 25 
translating the movable table and acquiring MR 
data (44) as the patient (1 00) moves through a 
magnetic field; 

reconstructing MR images of patient anatomy 
(208) as the movable table (1 02) is translating; 30 
analyzing the MR images and if an area of in- 
terest is identified for further study, returning 
the movable table such that the area of interest 
is within the magnetic field and modifying MR 
data acquisition parameters in real-time; and 35 
acquiring one of higher resolution MR data and 
differing plane MR data to allow further analysis 
of the area of interest. 

24. The method of clause 23 further comprising in- 40 
jecting a contrast media to monitor contrast uptake 

by various anatomy. 

25. The method of clause 23 further comprising ap- 
plying fat suppression for tumor identification. 45 

26. The method of clause 23 wherein MR data ac- 
quisition is performed at magnet iso-center (1 1 0) to 
optimize resolution of M R data acquired of a moving 
patient (100). 50 

27. The MR apparatus (10) of clause 10 wherein 
the computer (20) applies one of an inversion re- 
covery fast gradient echo (IR-prep) and a fast im- 
aging employing steady-state acquisition (FIESTA) 55 
pulse sequence. 



Claims 

1. A method of MR image acquisition comprising: 

positioning a subject on a movable table (202); 
entering initial table motion control data and 
scan parameters (204); 
automatically moving the movable table based 
on the table motion control data entered (206); 
acquiring MR data based on the scan parame- 
ters entered while the movable table is in mo- 
tion (206); and 

allowing modification of at least one of the initial 
table motion control data and the scan param- 
eters (210) while automatically moving the ta- 
ble and acquiring MR data (206). 

2. The method of claim 1 further comprising providing 
interactive control (210) of table motion and scan 
parameters that include control over and adjust- 
ment of at least one of: speed of the movable table, 
direction of table motion, and pulse sequence for 
MR data acquisition. 

3. The method of claim 1 wherein the step of acquiring 
MR data (206) includes ability to continuously scan 
while the movable table is in translation using a mul- 
ti-planar fast imaging pulse sequence. 

4. The method of claim 1 further comprising providing 
an ability to interrupt scanning (21 0) after identifying 
an abnormality of interest, reversing the movable 
table (102) and acquiring high spatial resolution im- 
age data. 

5. An MRI apparatus with sensitive whole body 
screening ability comprising: 

a magnetic resonance imaging (MRI) system 
(1 0) having a plurality of gradient coils (50) po- 
sitioned about a bore of a magnet (54) to im- 
press a polarizing magnetic field (56) and an 
RF transceiver system (32) and an RF switch 
controlled by a pulse module (38) to transmit 
RF signals to an RF coil assembly to acquire 
MR images; 

a table movable under computer control (102) 
within the bore of the magnet (54); 
a computer programmed to: 

receive initial scan parameters and table 

translation parameters (204); 

translate the table (206); 

acquire MR data while the table translates 

(206); 

allow reception of user input during table 
translation and if so received, modify trans- 
lation in response thereto (210); and 
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allow reception of user input of scan pa- 
rameters and if so received, modify MR da- 
ta acquisition in response thereto (210). 

6. The MR I apparatus of claim 5wherein MR data is 5 
acquired continuously during table translation. 

7. The MRI apparatus of claim 5 wherein the computer 
(32) is further programmed to allow manipulation of 

at least one of image obliquity, table speed, table 10 
direction, and pulse sequence parameters such as 
inversion time, flip angle, and sequence type in real- 
time (212). 

8. The MRI apparatus of claim 5 wherein the computer 15 
(32) is further programmed to vary transmitter gain, 
receiver gain, and shimming on demand by a user. 

9. A computer readable storage medium (28, 30) hav- 
ing stored thereon a computer program comprising 20 
instructions which, when executed by a computer, 
cause the computer to: 

move a patient table (102) through an MR scan- 
ner (10) and simultaneously acquire MR data 25 
(44); and 

allow user input (40) and in response thereto, 
manipulate at least one of patient table speed, 
direction, and scan parameters (210). 

30 

10. A method of identifying a tumor in a patient com- 
prising: 

placing a patient (100) on a movable table 
(102); 35 
translating the movable table and acquiring MR 
data (44) as the patient (1 00) moves through a 
magnetic field; 

reconstructing MR images of patient anatomy 
(208) as the movable table (1 02) is translating; 40 
analyzing the MR images and if an area of in- 
terest is identified for further study, returning 
the movable table such that the area of interest 
is within the magnetic field and modifying MR 
data acquisition parameters in real-time; and 45 
acquiring one of higher resolution MR data and 
differing plane M R data to allow further analysis 
of the area of interest. 
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